Synthesis and conformational evaluation of a novel gene delivery vector for human mesenchymal stem cells.
We have synthesized a novel gene delivery vector by covalently combining branched polyethylenimine (bPEI) and hyaluronic acid (HA) with the aim of improving transfection of bPEI into human mesenchymal stem cells (hMSCs) while maintaining cell viability. Because of the opposite charges on bPEI and HA, the bPEI-HA vector forms a zwitterionic polymer capable of inter- and intramolecular interactions. We have characterized the hydrodynamic radius of bPEI-HA and bPEI-HA/DNA complexes at ambient and physiological temperatures, as well as at a range of salt concentrations using light scattering, and investigated the effect of the size of transfecting complexes on gene delivery. We found that by increasing the salt concentration from 150 to 1000 mM of NaCl, the mean hydrodynamic radius (R(h)) of bPEI-HA increases from 2.0 +/- 1.1 to 366.0 +/- 149.0 nm. However, increasing the salt concentration decreases the mean R(h) of bPEI-HA/DNA complexes from 595.0 +/- 44.6 to 106.0 +/- 19.2 nm at 25 degrees C and from 767.0 +/- 137.2 to 74.0 +/- 23.0 nm at 37 degrees C. hMSCs transfected with smaller complexes showed a significant increase in transfection from 3.8 +/- 1.5% to 19.1 +/- 4.4%. Similarly, bPEI-HA performed significantly better than bPEI in terms of cell viability (86.0 +/- 6.7% with bPEI-HA versus 7.0 +/- 2.8% with bPEI, 24 h post exposure at the highest concentration of 500 mg/mL) and maximum transfection efficiencies (12.0 +/- 4.2% with bPEI/DNA complexes and 33.6 +/- 13.9% with bPEI-HA/DNA complexes). Thus, modifying bPEI by covalent conjugation with HA improves its performance as a gene delivery vector in hMSCs. This presents a promising approach to altering hMSCs for tissue engineering and other applications.